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The inclusion of minerals in diamonds, among which are often found 

garnets, have attracted the attention of scientists a long time ago. The 

first investigations concerning the determination of a, values and N garnets 

(7) showed that they belong to the pyrone-almandine order. 

insignificant quantity of these inclusions (0.05-0.3 mm) did not permit a 

study of their composition by analytical methods. 

became possible only with the use of x-ray microanalyzers. 

However, the 

Such investigations 

In the first work devoted to the study of chemical composition of 

garnets from African diamonds (18), four analyses of pyropes were presented 

which differed in composition from all known pyropes from the Kimberley 

tubes with insignificant lesser contents of CaO and an increased contents 

of Cr2O3- It was mentioned earlier (4), that the increase in garnets from 

kimberlites is connected only with the increase of Cr203 contents which is 

in view of their constant ferruginous nature. However, only the appearance 

of the first analyses permitted to reliably isolate a practically new group 

of pyrope garnets with a substantial content of Mg3Cr2 (Si04)3 admixture to 

30%. This component was earlier assumed in garnets and was named hanleite 

(ll), however later this name was recalled due to an incorrect garnet analysis 

from Henley, India (24). In recent years, a significant admixture of magnesium 

-chrome component (to 30%) independent from the results of garnet investigation 

in diamonds again demonstrated in garnets from kimberlite concentrates 
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of Afr ica .  This f i n a l  member was  c a l l e d  k n o r r i n g i t e  (20). 

I n  t h i s  work are presented  r e s u l t s  of t h e  s tudy  of chemical composi- 

t i o n  of l i l a c  ga rne t s  from Yakut diamonds. Diamonds from which ga rne t s  were 

ex t r ac t ed  belong t o  t y p e  IIa (non-ni t rous)  (15) which w a s  demonstrated by 

t h e i r  i n f r a r e d  spectrum of  absorp t ion .  

samples t h e r e  appears  a system B I  (1175 cm") and a l s o  a 1365 cm" band 

(samples 80-90 A0-429) which are connected wi th  d e f e c t s  of laminar diamond 

I n  t h e  i n f r a r e d  spectrum of s e p a r a t e  

Garnets e x t r a c t e d  from diamonds d i f f e r  i n  wide v a r i a t i o n s  of t h e  N 

va lue  = 1.753-1.790. The ga rne t  composition was determined by a x-ray 

micro ana lyze r  MS-46 wi th  a c c e l e r a t i n g  pressures  of 15 k i l o v o l t s .  I n  t h e  

capac i ty  of  s t anda rds ,  t h e  homogeneity of which w a s  checked by micro- 

observa t ion ,  d iops ide  w a s  used ( f o r  Mg, S i ,  C a )  w i t h  a composition c l o s e  

t o  a s to ichometr ic  one, pyrope ( f o r  A l ,  Fe) and a chrome-containing pyrope 

( f o r  C r )  from x e n o l i t i c  k i m b e r l i t e s  o f  Yakut and a l s o  pure metals which 

included T i  and Mn. 

Correc t ions  w e r e  made f o r  t h e  measured c o r r e l a t i o n s  of i n t e n s i t i e s :  

f o r  abso rp t ion  by t h e a i l i b e r  method (22), t a k i n g  i n t o  cons ide ra t ion  t h e  

e x c i t a t i o n  p o t e n t i a l  of c h a r a c t e r i s t i c  r a d i a t i o n  of Heinr ich (14) and by 

atomic numbers of Spr inger  (27). Mass c o e f f i c i e n t s  of abso rp t ion  w e r e  cal- 

cu la t ed  by t h e  Heinr ich t a b l e s  (13). Since t h e  composition of t h e  samples 

and t h e  s tandard  w e r e  c lose ,  t h e  c o r r e c t i o n  f o r  f luorescence  w a s  eva lua ted  

by Reed's method (23). This w a s  i n s i g n i f i c a n t  and w a s  no t  considered when 

t h e s e  c a l c u l a t i o n s  w e r e  made. 

As  shown by t h e  i n v e s t i g a t i o n s  conducted on t h e  ga rne t  samples, t h e  

reproduct ion  of t h e s e  measurements w a s  cha rac t e r i zed  by t h e  v a r i a t i o n  co- 

e f f i c i e n t  n o t  exceeding 2% f o r  a ma jo r i ty  of t h e  elements (with t h e  except ion  

of T i  and Mn) and only  t h e  de te rmina t ion  of  Mg was  conducted w i t h  a c e r t a i n  
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amount of  e r r o r  due t o  cons ide rab le  abso rp t ion  of i t s  a n a l y t i c a l  l i n e s  i n  

t h e  th i ckness  of t h e  sample, 

I n  Table 1 are presented  r e s u l t s  of 10 complete ga rne t  ana lyses .  

The r e s u l t s  of t h e  ana lyses  co r robora t e  t h e  e s t a b l i s h e d  p r i n c i p l e s  of 

t h e  examples of ga rne t s  from Afr ican  diamonds (18) concerning p a r t i c u l a r l y  

low CaO conten t  and a t  t h e  same t i m e  cons iderably  widening t h e  p r e s e n t a t i o n  

concerning t h e  i n t r o d u c t i o n  of t h e  Cr203 admixture i n t o  t h e i r  composition 

which i s  i l l u s t r a t e d  by t h e  v a r i a t i o n  of Cr203 con ten t s  from 6.1 t o  15.9%. 

Table 1 Chemical ana lyses  of garne t s  from Yakut diamonds 
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Garnets w i t h  maximal con ten t s  of chromium, sample A0-458, c o n s i s t s  of t o  

46% k n o r r i n g i t e ,  which i s  cons iderably  h igher  than  i t s  te rmina l  con ten t s  

determined up t o  t h i s  t i m e  i n  n a t u r a l  ga rne t s .  Simultaneously conta in ing  

40% pyrope, i t  i s  sepa ra t ed  among o t h e r  ga rne t s  of  i n i t i a l  composition. 

Since i n  a l l  ana lyses  t h e r e  i s  f ixed  a c e r t a i n  d e f f i c i e n c y  of t h e  t o t a l  

A 1  + C r ,  t h e  Fe p a r t  no t  exceeding O * l l ,  we considered as a n d r a d i t e  (2-5.8%). 

The remaining C a  af ter  c a l c u l a t i o n  w e  j o i n  t o  uva rov i t e  and t h e  e n t i r e  

remaining C r  we recalculate f o r  k n o r r i n g i t e ,  t h e  conten t  of  which varies 

from 17 t o  46%. I n  t h e  diagram of F igure  1, t h e  k n o r r i n g i t e  con ten t s  are 

somewhat lower, s i n c e  h e r e  t h e  a n d r a d i t e  component i s  not  considered.  Having 

t h e  measured N va lues  f o r  t h e  examined ga rne t s ,  e s p e c i a l l y  r i c h  i n  k n o r r i n g i t e ,  

w i t h  condi t ions  of a d d i t i v e  p r o p e r t i e s  we can c a l c u l a t e  t h e  N v a l u e  f o r  a 

t h e o r e t i c a l l y  pure  k n o r r i n g i t e .  

ana lyses  (20),  gave t h e  N v a l u e  as 1.830, which i s  much lower t h a n  t h e  

known q u a n t i t i e s  from d a t a  of t h e o r e t i c a l  c a l c u l a t i o n s  (28).  The r eca l cu la -  

t i o n  of N va lues  f o r  t h e  analyzed ga rne t s  w i t h  computation of va lues  obta ined  

by us  of N f o r  k n o r r i n g i t e  and d a t a  by s y n t h e t i c  end members of ga rne t  o rde r s  

(25) showed good concurrence f a c t o r  (Table 1). 

Besides d a t a  f o r  Mg - Cr-garnet s y n t h e s i s  ( l o ) ,  r e c e n t l y  t h e r e  appeared 

Such a c a l c u l a t i o n  v e r i f i e d  by a known 

information concerning t h e  pyrope s y n t h e s i s  w i t h  a n  admixture t o  20% of Mg- 

C r  components (2) w i t h  P = 50 t o  60 k-bar and a l s o  d a t a  concerning N va lues  

f o r  synthes ized  ga rne t s .  Ca lcu la t ion  f o r  pure  k n o r r i n g i t e  by t h i s  d a t a  pro- 

1.820. The va lue  of a. obta ined  by approximate c a l c u l a t i o n s  by 

d a t a  (2) conform w i t h  t h e  information i n  l i t e r a t u r e ,  t h a t  i s  a, = 11.620. 

A s  demonstrated by d a t a  presented i n  Table 1 concerning t h e  con ten t s  of 

var ious  components i n  ga rne t s  from Yakut diamonds, t h e  above mentioned pyrope 

p e c u l i a r i t i e s  from diamonds appear as clear typomorphic s igns .  Compared 

wi th  t h e  d a t a  f o r  t h e  average garne t  composition from t h e  u l t r a - b a s i c  rocks 
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( p e r i d o t i t e s  and k i m b e r l i t e s )  ( 4 )  show t h a t  ga rne t s  from diamonds bes ides  

t h e  marked p e c u l i a r i t i e s ,  d i f f e r  w i t h a  lower f e r r u g i n o s i t y  ( f )  t h e  lower 

quan t i ty  of  which is  noted f o r  ga rne t s  from Afr ican  diamonds (18). 

The p e c u l i a r i t i e s  of composition of t h e  examined ga rne t s  are i l l u s -  

t r a t e d  by t h e  diagram i n  F igure  1, f o r  which p o i n t s  of t he  ga rne t  composi- 

t i o n  of k i m b e r l i t e  groups are p l o t t e d  i n  t h a t  number from diamond and pyrope 

p e r i d o t i t e s ,  which i s  known i n  b a s i c  occurrences by works ( 4 ,  9, 12, 19, 21) 

and by our  unpublished d a t a  concerning t h e  C r  and Ca c a t i o n s  i n  a c r y s t a l -  

chemical formula. 

Garnets from diamonds form a s e p a r a t e  f i e l d  i n  t h e  lower p a r t  of t h e  

diagram, d i f f e r i n g  from a l l  known pyropes of low C a  composition. The 

f i e l d  of p o s s i b l e  ga rne t  composition i s  sepa ra t ed  (symbol 3 )  from c e r t a i n  

Af r i can  diamonds, w i t h  a c e r t a i n  h ighe r  conten t  of calcium c a l c u l a t e d  by 

t h e  va lues  of t h e  phys ica l  cons t an t  ob ta ined  from work (16).  A low C a  con- 

t e n t  demonstrated t h a t  t hey  relate t o  t h e  o l i v i n e  paragenes is ,  t h a t  i s ,  

ga rne t s  w i thou t  pyroxene-wedges even i n  t h e  k i m b e r l i t e s  are obviously pro- 

duc t s  of a g r e a t e r ,  earlier c r y s t a l i z a t i o n .  Nothing t h e  p e c u l i a r i t i e s  of  

t h e  con ten t s  of t h e s e  g a r n e t s ,  w e  cannot ag ree  wi th  a complete analogy of 

ga rne t s  from diamonds and g a r n e t s  from k i m b e r l i t e  concent ra tes ,  based only 

on a high k n o r r i n g i t e  conten t  (18, 20). 

The s e p a r a t e  f i e l d  of  t h e  composition, which i s  i n  t h e  d i r e c t i o n  of 

i nc reas ing  t h e  C r  conten t ,  w i th  c e r t a i n  simultaneous inc reases  of Ca con- 

t e n t s ,  are formed by ga rne t s  from x e n o l i t i c  p e r i d o t i t e s  i n  a paragenes is  w i th  

o l i v i n e ,  e n s t a t i t e  and d iops ide  and c e r t a i n  ga rne t s  from k imber l i t e s .  For 

ga rne t s  on t h e  l e f t  s i d e  o f  t he  diagram wi th  Cr203 con ten t s  less than  3-4%, 

t he  b a s i c  i n f luence  on t h e  Ca content  is  shown by t h e  va r ious  Na20 con ten t s  

i n  t h e  a s s o c i a t e d  pyroxene-wedges (5, 8). A s i g n i f i c a n t l y  h igher  garne t  
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f i e l d  from p e r i d o t i t e s  i s  found i n  p o i n t s  of ga rne t s  r i c h e r  i n  calcium wi th  

an  i n c l u s i o n  of chrome d i s t h e n e  (26) wh i l e  i n t e rmed ia t e  cond i t ions  should be 

pos i t i oned  by ga rne t s  from e c l o g i t e s  r i c h  i n  chrome and wi thout  d i s t h e n e  

(garnet  ana lyses  from concen t r a t e s ) .  

F igure  1 Garnet composition from u l t r a - b a s i c  rocks and k i m b e r l i t e s  by Ca  and 
C r  conten ts .  1. - Garnets from Af r i can  diamonds; 2. - Garnets from Yakut d i a -  
monds; 3 .  - Garnets from p e r i d o t i t e s  known i n  a b a s i c  s t r a t i f i c a t i o n ;  4.  - 
Garnets from x e n o l i t i c  p e r i d o t i t e s  from k i m b e r l i t e s ;  5. - Garnets from kim- 
b e r l i t e  concen t r a t e s ;  6 .  - Garnets r i c h  i n  k n o r r i n g i t e  from a k i m b e r l i t e  
concen t r a t e s  of A f r i c a ;  7. - Garnets w i th  i n c l u s i o n  of chrome d i s thene .  



c -7- 

I n  t h i s  way, chrome-containing pyropes and pyrope -- g r o s s u l a r i t e  

k i m b e r l i t e  ga rne t  may be  separa ted  i n t o  four  types of  a s s o c i a t i o n :  

1. Garnet + o l i v i n e  + diamond, v e r i f i e d  by f r equen t  d i scove r i e s  of o l i v i n e  

and pyrope i n  one and t h e  same diamond as i n  t h e  Afr ican  one (16) and a l s o  

i n  t h e  Yakut lodes;  2. Garnet + o l i v i n e  + e n s t a t i t e  + d iops ide ;  3 .  Gar- 

n e t  + d iops ide ;  4 .  Garnet + d iops ide  + kyani te .  I n  a l l  of t h e  ind ica t ed  

a s s o c i a t i o n s  chromite may be  p re sen t ,  

A s  s een  i n  t h e  diagram of F igure  1, t h e  examined ga rne t s  from diamonds 

sha rp ly  d i f f e r  w i t h  ga rne t s  from p e r i d o t i t e s .  Moreover, up t o  t h e  p re sen t  

t i m e  they  are not  found i n  k imber l i t e  concen t r a t e s .  The la t ter  may be  par-  

t i a l l y  connected wi th  a de f i c i ency  of s p e c i a l  i n v e s t i g a t i o n s  of  t h e  concen- 

trate.  Undoubtedly, i n  t h e  l a t t e r ,  ga rne t s  su rpass  ga rne t s  of o t h e r  types ,  

namely pyropes of t h e  u s u a l  p e r i d o t i t e  ga rne t .  Poss ib ly  t h i s  i s  due t o  t h e  

absence of a d i r e c t  c o r r e l a t i o n  between t h e  q u a n t i t y  of t h e  pyrope and t h e  

diamond content .  Accordingly,  t h e  ga rne t  q u a n t i t i e s  which c r y s t a l i z e  simul- 

taneously w i t h  t h e  diamond are  r a t h e r  i n s i g n i f i c a n t  and only  d e t a i l e d  e x a m i -  

n a t i o n  of a l a r g e r  q u a n t i t y  of  pyrope concent ra tes  i n  p a r t i c u l a r  pyropes 

wi th  a n  increased  N va lue  (more than 1.750) can  r e s o l v e  t h i s  ques t ion .  

A l l  t h e  above mentioned relates t o  t h e  Cr-containing pyropes wi th  a 

c h a r a c t e r i s t i c  v i o l e t ,  l i l ac  and v io l e t -p ink  hue. Along wi th  t h a t ,  t h e r e  

are known orgnge ga rne t s  i n  diamonds which accord ing  t o  t h e  l a tes t  d a t a  (17) 

do not  con ta in  chromium and d i f f e r  by a n  increased  f e r r u g i n o s i t y .  They are 

c l o s e  i n  composition t o  c e r t a i n  ga rne t s  of diamond bear ing  e c l o g i t e s .  

I n s t i t u t e  of Geology and Geophysics 
S ibe r i an  Academy of Sciences USSR 
Novosibirsk Submitted 16 J u l y  1969 
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